Introduction
The EHDV-2 isolate was propagated on cattle pulmonary artery endothelial cells (CPAE) from The reverse-transcribed cDNA was amplified following ONT's 1D PCR barcoding cDNA and LongAmp Taq 2× Master Mix (New England Biolabs, MA) with the following 1 5 5 thermocycling conditions: 95°C for 3 minutes; 18 cycles of 95°C for 15 seconds, 62°C for 15 processed as below to estimate number and length of viral reads to estimate sequencing time 1 7 8 required to obtain sufficient genome coverage. Pre-processing of raw MinION sequence data 1 8 0
The FAST5 files produced from sequencing for IBV, CDV, swine-origin and canine-origin 1 8 1 influenza, and EHDV-2 and BVDV libraries were processed using an in-house script that 1 8 2 sequentially basecalled, demultiplexed, and trimmed adapters on a Macbook Pro (3.1 GHz Intel 1 8 3 Core i7, 8GB) using OS X El Capitan v.10.11.6. In summary, reads were basecalled using the files with a qscore ≥ 7 were sorted into a "pass" folder using the --qscore-filtering parameter and require_two_barcodes setting enabled, 1,000,000 reads were aligned to all known adapter sets (--1 9 1 check_reads 1000000), adapters with 99% identity were trimmed from read ends (--1 0
After basecalling, demultiplexing, and adapter trimming, reads were classified with Centrifuge 2 0 1 v.1.0.4 24 by the lowest taxonomical rank with default parameters with the addition of allowing 2 0 2 50 assignments (or hits) for each read (-k 50) using a custom index built for each library based 2 0 3 on the propagation system. Custom indices were constructed using an exhaustive search for ( Supplementary Table 1 ). Low-complexity regions in sequences were masked using dustmasker to account for fetal bovine serum used in cell culture, were obtained using centrifuge-download 2 1 0 and concatenated with the dustmasked vertebrate virus sequences to classify reads from host(s) 2 1 1 cellular RNA. Using the concatenated files, indices were built by centrifuge-build with 2 1 2 default parameters. The indices were then used to cluster reads based on short alignments to 2 1 3 respective host and viral sequences to determine the presence and abundance of viral species in 2 1 4 each sample using the standard out file. Reads to unexpected viral species were clustered and 2 1 5 compared to the Genbank database using web-based nucleotide Basic Local Alignment Tool 2 1 6 (BLASTn) (https://blast.ncbi.nlm.nih.gov) with default settings. Percentage of viral reads and 2 1 7 host reads were determined by removing duplicate reads and then dividing the number of reads clustered by the number of total reads after demultiplexing. Once the viral species was identified, custom lineage-typing Centrifuge indices were also 2 2 0 built to further classify beyond viral species and assess for the possibility of mixed infections of 2 2 1 the same virus species, as previously described for IBV. 25 Briefly, for each main lineage per 2 2 2 virus, one complete sequence of the lineage-typing region was selected and then combined with African green monkey genome (GCF_000409795_Chlorocebus_sabeus_1.1), nine VP2 2 2 7 sequences for EHDV 28 with the bovine genome (GCF_002263795.1_ARS-UCD1.2), 32 spike 1 2 2 8 (S1) sequences for IBV 29 with the chicken genome (GCF_000002315.4_Gallus_gallus-5.0), 18 2 2 9 hemagglutinin (HA) sequences and 11 neuraminidase (NA) sequences for IAV 30 with the canine Table 2 ). All sequences were dustmasked, assigned a unique taxonomy potentially different lineages, were then used for reference based consensus building using 2 3 9
Geneious v.11.1.3 (Biomatters, Aukland, New Zealand) to build a consensus for each lineage 2 4 0 using the "Map to Reference" tool with medium sensitivity, re-iterating up to five times, and 2 4 1 using the same reference sequences chosen for generating the custom Centrifuge lineage-typing 2 4 2 databases. Consensus sequences derived for each potential lineage were analyzed using BLASTn coverage. Subjects with the highest query, subject coverages, and identical bit-scores were 2 4 5 considered the "top hit(s)" to identify the virus and lineage in each cluster. A coinfection was 2 4 6 1 2 defined as different clusters of reads creating consensus sequences that matched to different 2 4 7 lineages and reads could be parsed accordingly for final consensus building. If no coinfection 2 4 8 was detected, all viral reads were used for consensus building. After viruses were lineage typed for each sample, all reads that aligned to respective viral species 2 5 1 from Centrifuge output were imported into Geneious for whole-genome, reference-based 2 5 2 consensus building with the "Map to Reference" tool, after removing duplicate reads, using the 2 5 3 same methods from above. Consensus sequence building was done with the requirement of at 2 5 4 least 20× coverage at each base. References used for mapping were selected from using the "top inspected and homopolymer areas that resulted in frameshifts were manually edited. The CDS 2 5 8 regions were extracted from each edited consensus sequence and analyzed using BLASTn. For viruses with gapped genomes (e.g., CDV, IBV, and PRRSV), complete CDS and non-coding 2 6 0 intergenic regions were extracted and analyzed with BLASTn. The "top hit" for each consensus 2 6 1 sequence was determined by using the same criteria from above. The CDS regions for lineage-2 6 2 typing regions for each virus were also extracted and analyzed with BLASTn. The best "top hit", 2 6 3 percent pairwise identity, mean, minimum, maximum, and standard deviation of base coverage, 2 6 4 and percentage of genome coverage were evaluated for each viral genome and lineage-typing 2 6 5 region consensus sequences with the statistics tool in Geneious. In addition to the above method, sequencing data from the CDV sample were analyzed in a 2 6 8 manner that simulated novel virus identification by constructing an all vertebrate virus, custom Table 1 ). The index was assembled as described 2 7 1 previously with African green monkey genome. Trimmed and demultiplexed reads from the 2 7 2 CDV sample were classified with Centrifuge using parameters described above. Reads were 2 7 3 grouped by taxonomy ID and exported into Geneious to build consensus sequences as described America II with 96.49% identity of the H gene to A75/17. The genotype for EHDV-2 was 3 5 1 determined as EHDV-2w with 99.90% identity to the OV215 strain using the VP2 segment. IBV 3 5 2 was determined to be genotype 1-lineage 4, with 100.0% identity of the S1 gene to the Ma5 3 5 3 strain. The HA and NA segments of the canine-origin IAV showed 100.0% and 99.79% identity, 3 5 4 respectively, to an H3N2 subtype circulating in dogs in North America. The porcine-origin 3 5 5 influenza was determined to be an H1N2 subtype similar to other North American porcine-origin 3 5 6 IAVs, with 99.65% identity to the HA segment and 99.79% identity to the NA segment. The ORF5 for PRRSV had 99.67% identity to VR2385 and was determined as a Type 2, lineage 5. For all seven viruses, complete genome CDS were acquired with a minimum of 26× depth of kit intended for 1D sequencing with a FLO-MIN107 (R9.5) flowcell that is typically used for 5 1 0 1D 2 sequencing. The repercussions of the 1D kit with a 1D 2 flowcell combination are not well 5 1 1 known but it is of interest to note that trimming the basecalled files resulted in 1,691,792 reads 5 1 2 removed due to middle adapters, significantly decreasing the total number of reads assigned to 5 1 3 each barcode.
1 4
The present study provides promising results for quick identification of unknown MinION-based sequencing will also likely be used to metagenomically detect viruses directly 5 1 9 from clinical samples (e.g., serum, swabs, tissues), and work is ongoing to investigate this usage. reproductive and respiratory syndrome virus. * Libraries were prepared and sequenced at Virginia Tech University. The provided "top hit" was included in those alignments. The provided "top hit" was included in those alignments. 7 4 8 ‡ Repeated from Table 4 for completeness of genome assessment. 7 4 9 § Due to a large number of reads, only half the reads classified as the NP gene were used for reference-based consensus building. BLASTn results showed 5-12 sequence alignments with identical Bit-Scores, query coverage, and pairwise identities to other 7 5 5
isolates. The provided "top hit" was included in those alignments. 
